The goal of the Minnesota net metering policy is to give the maximum possible encouragement to distributed generation assets, especially solar electric systems (MN 2008). However, according to a published set of best practices (NNEC 2008) that prioritize the maximum development of solar markets within states, the Minnesota policy does not incorporate many of the important best practices that may help other states transform their solar energy markets and increase the amount of grid-connected distributed solar generation assets. Reasons cited include the low system size limit of 40kW (the best practices document recommends a 2 MW limit) and a lack of language protecting generators from additional utility fees. This study was conducted to compare Minnesota's policies to national best practices. It provides an overview of the current Minnesota policy in the context of these best practices and other jurisdictions' net metering policies, as well as a qualitative assessment of the impacts of raising the system size cap within the policy based on the experiences of other states.
The report finds that increasing the cap may move the state toward its goal of providing the maximum possible encouragement to distributed generation assets, including a larger average size of solar PV systems and a broader array of stakeholders. Quantitative evaluation of the policy changes are necessary to better understand the quantitative impacts on all interested parties (e.g. utility, rate payers, project developers). The report also finds, however, that most states that have increased the size limits have not developed such cost/benefit studies before raising the limit. Reasons cited include the increase being a legislative action and/or the lack of data and financial resources to perform such a study. Program implementers in these states do not report negative impacts on ratepayers as result of the increase in system size limit. This is likely the result of the small relative impact of the systems on the larger utility grids. Implementers cite the lack of data, resulting from the changes in net metering being recent at this stage, as a limitation in quantifying the benefits and costs of expanded net metering system size caps. 1
Introduction and Net Metering Policy Background
In general, net metering policy allows customers to produce onsite electricity and sell excess generation to the utility at a set price. Net metering policies are market-based incentives addressing the market barrier of project economics that exists for most high initial cost renewable energy technologies. The main goal of most net metering policies is to create incentives for private investment in distributed renewable energy technologies by providing value to the electricity generation that, during certain times of day or season, exceeds the customer's electricity demand. This valuation can also lower the project related risks and increase market penetration, broadening the impacts of net metering policies generally. Most net metering policies focus on valuing the energy produced by the system owner to more accurately reflect its value, although stakeholders in the system define the value of the electricity delivered to the grid differently (Stoutenborough and Beverlin 2008, Wan and Green 1998) . 1 In addition, the simplicity of the mechanism, which, after implementation, requires minimal oversight and limited public investment, is attractive to many policy makers.
The earliest net metering policies were adopted the early 1980s in Minnesota and Iowa. Figure 1 shows a rapid increase in the number of states adopting this policy since 1997 (DSIRE 2009a) . To date, 42 states and the District of Columbia have implemented net metering policies (Figure 2) . Amongst its advocates, net metering policy is widely considered to play a strong role in the development of customer-sited solar electric systems nationwide (e.g. Solar Alliance 2009). In addition, there is a growing body of research literature that indicates that net metering policies play a role in the development of distributed renewable energy. As examples:
• Forsyth et al (2002) , focusing on the impact of the policy on small wind development, found that while net metering addresses the economics of distributed generation systems, these policies alone are insufficient to encourage customers to develop renewable energy distributed generation systems. Instead, they find that states with a proven track record of renewable energy growth and development implement a suite of policies that prepared the market and reduced barriers to renewable energy generation. • Kroposki et al (2008) found when net metering caps were lifted as compared to the base case, projected cumulative installed PV nationwide in 2015 increased from 7.5 gigawatts (GW) to 12 GW.
• Most recently, Doris et al (2009) found that the existence of the policy in states, over time, correlated significantly with increased non-hydroelectric renewable electricity generation per capita and per gross state product (GSP). The study evaluated states with net metering in place in 2005 with renewable energy generation data for calendar year 2007, to allow time for the policy to be implemented and systems to be installed. 2 The existence of a net metering policy also correlated significantly with electricity from wind generation per capita and per GSP. While these statistical analyses are based on limited data, they do indicate a connection between net metering policy and increased renewable energy generation.
While net metering policies are usually designed to support the development of multiple types of distributed renewable energy technologies, as Minnesota is most interested in the impacts that this policy has on distributed solar technologies, this report will focus on the relationship between state net metering policies and distributed solar generation.
Specifically related to solar development, there is little quantitative evidence that the policy leads directly to increased solar development or leads to market transformation of the market for solar technologies. This lack of direct connection between net metering and solar development may be the result of data limitations. For example, a comprehensive list of existing small-scale (<100kW) distributed solar system capacity by state has only been available in recent years (IREC 2009d and NREL 2009 being the most recent). In addition, because net metering is typically part of a set of policies promoting clean energy, detailed individual study of net metering policies is lacking. With overall increases in the growth of both solar related policies (DSIRE 2009a ) and the solar industry in general (e.g. Solar Alliance 2009 , IREC 2009c , there is increased interest from the research community in better understanding the impacts of net metering policies to determine their impacts. However, at the time of this study, there is limited evidence of a quantifiable connection.
There is, however, evidence connecting relatively higher net metering system size limits to increased solar production per person in states that have net metering. That is, based on statistical analyses of available data, state policies that currently have a system limit of 1 MW or greater have a mean of 3.44 watts of installed solar capacity per person as of 2008. Alternatively, states that have a system limit of less than 1 MW have a mean of 0.74 watts of solar capacity per person, or 366% less than the states with a higher system limit (see Section 3 for more information on larger system size limitation impacts).
Minnesota began implementing its original a net metering policy in 1981. The stated goal of the policy is to give the maximum possible encouragement to distributed generation assets (MN 2008) . To date, the policy is generally in line with other policies nationwide, but is currently being reviewed by several stakeholders to determine if the 40 kW system size cap is still relevant. Fourteen states have increased or are in the process of increasing the system size net metering caps. 2 States with a net metering policy in 2005 had a mean 128% higher than states that did not have a policy in terms of non-hydro generation as a percent of total state generation. States that had a policy in 2005 had a mean 127% higher than states that did not have a net metering policy in terms of non-hydro generation per capita. States that had a net metering policy in 2005 had a mean 103% higher than states that did not have a NM policy in terms of non-hydro generation per GSP (gross state product). This means, statistically, that there is a difference in renewable energy generation in states with and without the policy. See Doris et al 2009 for detailed methodology and further discussion.
This report provides background and context for the Minnesota policy and provides an overview of other jurisdictions' policies and the impacts of increases to those system size caps on the development of distributed solar technologies.
3 This report uses interviews with state program implementers and data on solar installations to date in those states to draw conclusions about the likely impacts of increasing the maximum system size for the net metering policy in Minnesota, as well as catalogue the level of analysis that has gone into other state efforts in making changes to their policies. First, the report provides an overview of the Minnesota policy in comparison to other policies nationwide and a set of "best practices" (NNEC 2008) , attempting to identify policy designs that promote renewable energy distributed generation (Section 2). These best practices were chosen because they are most in line with the distributed generation market penetration goals of the Minnesota policy. 3 Net metering policies can have an impact on a broad suite of technologies. This report focuses on the impact of the policies on solar systems, but information is provided for context of the general impact of the policy type.
Section 3 then provides an overview of the activities surrounding the development of system size cap increases in other states, and presents the results of implementer interviews conducted to better understand the impacts of the programmatic changes as well as provides a compilation of solar data in states that made this policy change, in an effort to showcase the potential impacts. The results of this analysis reflect the challenge of identifying policy change impacts at this early stage (most system size caps have been increased in the last two years) and the difficulty of separating the policy impacts from other market impacts. Section 4 describes other policies in the state (and being proposed or implemented in surrounding states) and discusses the likely interaction of changing the system size limits with those policies. Finally, Section 5 provides a conclusion regarding the likely impacts of increasing the system size limit.
Net Metering Design Options, Best Practices, and Minnesota's Policy
There are several options within the development of a net metering policy, allowing for customized policy design to specifically address a state's needs and priorities. Policy design options include:
• Identifying eligible renewable technologies. Some jurisdictions prioritize the development of certain renewable resources over others. Targeting specific technologies, such as solar PV, can direct the market impacts of the policy toward those technologies.
• Identifying the customer classes that can net meter. In addition to identifying specific technologies that qualify, jurisdictions can identify specific customer classes that are allowed to net meter as a method for targeting specific market sectors for renewable energy development, in addition to limiting the potential economic and technical impact on the participating utilities.
• Identifying the utilities that must offer net metering. Jurisdictions can define the types of utilities (i.e. IOUs, co-ops) that must implement net metering programs.
• Assigning or disallowing additional fees for net metering customers. Jurisdictions can direct the utility to collect or refrain from collecting fees associated with net metering.
• Directing the renewable credit ownership (REC) of the renewable energy system generation. This design option allows policymakers to determine which entity, the generator of the renewable energy or the utility accepting the excess generation, receives the credit for renewable generation production. Because of the economic value of RECs, determining ownership has been a negotiation point amongst stakeholders and part of the process of creating acceptance of net metering policies.
• Directing the allowance or disallowance of meter aggregation. This allows organizations with multiple meters to aggregate their electricity load and allocate the benefits of the renewable energy system across the entire load and collection of meters.
• Compensation for Net Excess Generation (NEG). The jurisdiction controls the payment from the utility to the generator as well as the frequency of the payment. The payment from the utility is usually determined based on either the loss of value of the excess generation, the avoided utility costs of the fuel purchase (where the utility maintains the fixed payment for distribution), or in repayment of the retail rate of electricity. Defining compensation for NEG also requires determining the rollover limitations (i.e., does excess generation rollover to be counted towards next month's bill? Does rollover generation expire annually?) (See Table 2 for further discussion).
• Aggregate net metering limits. This design option sets the total aggregate amount of net metering systems on the utility grid. This can be done in a number of ways, including, but not limited to total capacity, maximum load, and percentage of total energy generation.
• Setting the maximum individual system size that can net meter. This can also impact the customer classes that can net meter, as a lower cap will favor smaller scale systems, effectively limiting the customers to those with modest electricity loads.
Net metering was adopted in Minnesota in 1981 (MN 2008) . Table 1 summarizes the policy options (as described above) implemented in the state. In general, the state policy is broader than most other policies in terms of eligibility of customer classes and energy technologies, and falls on the lower end of system size limitations, especially among policies that permit net metering of commercial and industrial systems, which tend to be larger than residential systems.
In a published broader comparison across states, the Minnesota policy does not incorporate many of the important best practices that may help other states transform the solar energy market and increase the amount of grid-connected distributed solar generation assets (NNEC 2008, Table 2 ). This best practice methodology prioritizes the goal of increasing the total capacity and generation of renewable energy systems on the utility grid, and therefore favors both the development of a broad array of markets and the express inclusion of larger systems. While the NNEC methodology is only one "best practices" design methodology, and its quantitative effectiveness in accomplishing its stated goal is still under evaluation, it is the most comprehensive net metering best practices design catalogue to date and is a useful document for better understanding the activities in other states and policy design elements that are qualitatively seen to be effective. In order to bring the state's policy in line with national best practices, and, by that methodology, increase the likelihood of renewable energy being added to the grid, the NNEC recommends:
• Increasing system capacity from 40 kW to at least 2 MW.
• Adopting safe harbor language to protect customer-sited generators from extra and/or unanticipated fees. 
Eligible Customer Classes
Residential, commercial, industrial 18 other states use this eligibility; most others broaden eligibility to other classes; 11 limit eligibility to commercial and residential or only residential Utility Applicability All Varies, typically with jurisdictional control of entity issuing rules. Typically IOU's only.
Additional Fees
Not addressed Unknown at this time
REC Ownership
Not addressed Varies, not typically addressed
Meter Aggregation
Not allowed Not generally allowed; 7 states explicitly allow it.
Net Excess Generation
Monthly check for excess production from the utility at a per kWh rate close to retail rate.
MN is unique in this requirement.** Payment and monthly carryover varies by jurisdiction
Aggregate net metering limits

None
No limit generally; where limits are defined, they are usually between 1-2% of utility peak load with a maximum of 10% of utility peak load. Can be other metrics for aggregate limit as well
Maximum Size of Systems
kW
Ranges from 10kW to 2 MW.*** Most separated by customer class with lower limits (10kW-100kW) for residential.
Source: See IREC 2009b (jurisdictional details) and MN 2008 (MN policy details). *Information on policy design in the 42 states (and D.C.) that have implemented a net metering policy. **Wisconsin has a similar requirement but the minimum check amount is $25. ***New Mexico is an outlier with an 80 MW limit. No limit is specified in Ohio, but the Public Utilities Commission of Ohio has ruled that an "implied limitation" is in effect, limiting system size based on customer load. DG=Distributed Generation MSW=Municipal Solid Waste 8 All RE technologies are eligible for net metering. Exclusion of particular technologies may unnecessarily limit RE market development within the state. Allowing net metering for some sources, but excluding it for others may result in state-wide neglect of a resource that may be readily available or efficiently produced, while promoting the development of a resource that may not be as available or feasible to produce.
Eligible Customer Classes
Residential, commercial, industrial All classes of customers are eligible. Allowing non-residential customers to net meter can be crucial for "jumpstarting" RE markets, since larger systems may lower the cost per kW of capacity across the state. In addition, allowing non-residential customers to participate can greatly reduce demand on a grid.
Utility Applicability
All
Applies to all utilities. Depending on the origin (e.g. commission, legislative body etc.) the policy may apply to all utilities or only investor owned utilities (IOUs). Application to all utilities is ideal, since many customer-sited generators exist in rural areas that are operated by electrical co-ops or municipal utilities (munis). Consequently, there may be less of an incentive to generate electricity from renewable sources in the regions of the state that may have the most potential or best resources for renewable generation. In addition, an all-utility policy is important to reduce confusion among customers, and to provide state-wide consistency -ensuring a uniform knowledge-base among installers and prospective generators.
Additional Fees Not addressed
Safe harbor provisions to ensure NM customers are not charged fees that other customers are exempt from . Safe harbor provisions ensure that net-metered customers are treated like any other customer by stating that the utility may not charge a customer-sited generator any fee or charge, or require additional equipment, insurance or any other requirement -unless the fee or charge also applies to other customers that are not customer-sited generators (see the text box on safe harbor provisions for a broader discussion).
REC Ownership Not addressed
RECs owned by the customer generator. RECs provide another stream of revenue for owners of systems that produce electricity from renewable sources. Utilities should not be permitted to acquire RECs from system owners without paying market prices for them.
Meter Aggregation
Not allowed
Allow for aggregate meters. Allowing a customer to aggregate all meters on their contiguous property ("group metering") may simplify the net metering process.
Net Excess Generation
Monthly check for excess from utility at close to retail rate.
Indefinite rollover of NEG at retail rate. Not allowing customers to roll over the NEG monthly may result in customers under sizing their systems, resulting in a system that may produce less energy than their monthly minimum load. If a utility pays monthly for excess generation, the administrative costs can exceed the revenue generated for the utility from the DG. A best practice program facilitates rollover so that customer-sited generators receive credit for excess energy generated during the seasons when renewable output is highest and apply it toward their consumption when output is lowest. Beyond best practice design elements, the effectiveness of a net metering program can be measured against how well it meets the primary goal. The primary goal of the Minnesota policy is to "give the maximum possible encouragement to cogeneration and small power production consistent with the protection of the ratepayers and the public (MN 2008) ." It is challenging to parse out the effect of the net metering policy on the growth of renewable energy generation in the state of Minnesota, as a result of data challenges (e.g. number of small power producers before and after the implementation of the policy and increased consumer costs before and after the policy) as well as major market and other policy changes at the local, state and federal levels during the time the net metering rule has been in place. As stated in the introduction, there is national level evidence that net metering policies are significantly connected to states with increased renewable energy generation when considering policies that are at least two years old (Doris et al 2009) However, more specific Minnesota impacts require data collection and evaluation beyond the scope of this current report. As the next section finds, no states that have increased the limits have developed such comprehensive evaluations previous to the policy change, and none report excessive negative ratepayer impact to date.
Safe Harbor Provisions
In the event of the intermittency of a distributed generating system utilities may be obligated to meet the resulting additional electrical demand to the grid. Consequently, many states permit the utilities to impose a "standby charge" on net metering customers to compensate the utility for the cost required to produce the additional electricity. This may come in the form of a fee, insurance, an obligation to obtain additional equipment, or similar requirement. These charges may be particularly burdensome to small generators (e.g. residential net metering customers) for whom utilities would only need to provide a small amount of the power load for the building. These fees can be sufficiently costly to diminish most, if not all, of the economic incentive that a net metering program may provide to small generators.
The practice of charging additional fees or requirements in this manner has been compared to punishing customers for purchasing a more energy efficient appliance (e.g. air conditioning unit), since the customer would have to compensate the utility in the event that the efficient unit fails and has to be replaced by a less-efficient unit (NNEC 2008) . Safe harbor provisions eliminate this disincentive by ensuring that net-metered customers are not charged any fee, or required to purchase additional equipment, insurance or any other requirement -unless the fee or charge also applies to other customers that are not customer-sited generators.
These fees, and the provisions protecting net metering customers from them, need be carefully evaluated by the utility regulatory body to ensure fairness between the fees charged the customer and the actual costs incurred to the utility from the smaller systems.
Policy Trends and Impacts: Increasing the Individual System Size Maximum
Over time, state policy makers update initial net metering rules to better meet the needs and priorities of the market. In recent years, fourteen states revised the net metering system size limits to increase the eligibility of larger systems and reduce some of the market barriers that limit the growth of distributed solar technology installations. In Minnesota, as a result of public interest and market development, there currently is interest in increasing the system size cap from its current 40kW limit. Published reasons for increasing the system size cap in any state include:
• the average size of both large scale (multi-family) residential and non-residential gridtied PV installations has been steadily growing over the past few years in addition to an increase in the number of installations (Sherwood 2009 ); increasing the net metering system size cap may allow for the market to develop more quickly and benefits of market transformation accrue to both non-residential and residential installations.
• low caps may exclude some of the most cost-effective projects that meet the load demands of a larger building or facility interested in net metering (NNEC 2008); • "Lifting net metering caps and establishing net metering had significant effects on projected PV market penetration in some states. In fact, the projected cumulative installed PV in 2015 increased by about 4 GW. Cumulative installed PV in 2015 increased from 7.5 GW in the base case to 12 GW when net metering caps were lifted (Kroposki et al 2008) ."
In addition to these previously published discussions of the drive to increase net metering system size caps, statistical analyses conducted for this report find that states with higher limits have larger overall capacity installations of solar facilities and generation per state resident. State policies that currently have a net metering system size cap of 1 MW or greater have a mean of 3.44 watts of installed solar capacity per person as of 2008. Alternatively, states that have a cap of less than 1 MW have a mean of 0.74 watts of solar capacity per person, or 79% less than the states with a higher system limit. This relationship was found to be statistically significant at the 5% level. 5 Similarly, the states with a system size cap of 1 MW or greater had a mean of 2,888,470 MWh of electricity generated from non-hydro renewable sources in 2007, compared to the mean states with a limit of less than 1 MW which is 1,525,375 MWh.
Despite the benefits, changing the system size cap can have potentially negative impacts on multiple players involved in net metering. Included in this category are:
• Revenue loss for the utility, and • Subsidization of net metered energy systems by the non-participating rate base
Understanding the various positive and negative impacts of changes to the policy can help inform the development of a balanced policy promoting increased distributed generation and renewable energy. However, a literature review and interviews with program implementers completed for this report found that there are no generally acceptable methodologies for quantifying and balancing these impacts. The remainder of this section provides further information on the potential impacts of raising the system size limits through the prism of other state experiences in this area. In the absence of published methodologies, the experience of other states in the development of policies can provide context to the benefits and drawbacks of increasing the system size limit in a net metering policy. This analysis is in two parts. First, the solar installations in each state with increased net metering system size caps are compared in an effort to provide insights into the effect of the changes on the market. Second, the implementers of the net metering programs in the states with increased limits were contacted and asked a range of questions to better understand the context, process, and outcomes of the changes to the net metering policies (see Appendix 1 for questions posed to implementers).
The results, in aggregate, illustrate
• the varied processes that states use for updating legislation,
• the recentness of most changes to net metering policies, specifically those increasing the net metering system size cap, • the resulting lack of impact analyses completed, • and the various challenges and benefits of changing the system size caps, depending on state and stakeholder interests.
In addition to the results in aggregate, a case study of North Carolina's recent process for increasing the net metering limit is provided to further explore the intricacies involved in evaluating the impacts of raising the system size limits and reflect how this particular state made decisions in an environment of based on limited data but with strong leadership and state involvement.
Increased System Size Limits in Other States: Solar Installed Capacity Impacts
Table 3 summarizes the installed capacity over time in the states with increased net metering system size limits. The shaded boxes represent the year that the change was legislated. Because most states that have implemented increases in the system size cap have done so within the last three years, parsing out the impacts of the individual system capacity increase from other market changes is challenging. For example, while there is a clear increase in the installed PV capacity in recent years, it is difficult to say how increases in net metering limits have contributed to this higher level of installed capacity (Figure 3) . It is likely that these increases in solar capacity are due to a combination of the increase in the system size cap as well as other policy and market changes. As time passes and analysis quantifying the impacts of market changes and other policy developments improves, impacts of system size changes may become clearer.
Another likely impact of increasing the system size limit in the net metering program will be an increase in system size of systems installed. The lack of systems exceeding the current cap in Minnesota (MN OES 2009) indicates that the existing net metering threshold limits system size. Should the net metering cap be increased, developers may begin proposing larger projects, thereby stimulating the larger multi-family residential and commercial markets. 6 This may also result in result in a lower price per kW of solar installations given the economies of scale of larger systems (IREC 2009d) . 7 This improvement in system economics may be a catalyst for the currently underserved commercial markets in Minnesota. 
Increased System Size Limits in Other States: Context, Process, and Studies
This analysis profiles fourteen states that have increased the system size limit for net metering systems, in an effort to identify potential solar installed capacity impacts of such a change in Minnesota.
8 Table 4 provides an overview of the timing and context of the changes to the net metering policies in states that have increased the limit. It is clear from the table that the processes for changing the limits are as varied as the states in which they are implemented.
Interviews with the program implementers offered further insights into the development of system size changes:
• The changes to the net metering policy system size caps were driven by legislation, regulation, or a mixture of both. The most common forum for changes to the net metering policy in these states is legislative -either through the legislature setting the limit or through the legislature directing the regulatory agency to open a proceeding to determine the most appropriate level. In a few states, the net metering policies and the subsequent changes were regulatory driven • Incremental changes to the system size cap are common. In longer running net metering policies, changes to the system size cap are completed in an incremental (e.g. 25kW, 100kW) fashion (e.g. Hawaii, New York). It is possible that this is the result of the lack of solid quantitative data on the impacts of the policy as market penetration increases. More recent policy changes (e.g. Massachusetts, North Carolina, and Rhode Island) seem to be rapidly increasing the overall system size cap, at least for commercial systems up to 1-2 MW, perhaps recognizing that the incremental changes in other states are not having a quantifiable negative impact on ratepayers to date.
• Differences between residential and commercial caps remain common. While some states have stopped delineating between residential and commercial system size limits (perhaps because other aspects of the policies, such as limitations on percentage of building load, are in place), others are continuing to limit residential systems to smaller system sizes (generally up to 25kW).
• The most common increase in system size cap -setting the commercial limit at 2MW -had different drivers. No state legislation or regulation articulated clear, decisive reasoning for incorporating the 2MW limit specifically. In Massachusetts, where legislation reset the cap, the primary driver appears to be the drive toward community scale renewable energy. The change in legislation came through the Green Communities Legislation of 2006. The implementer postulated that the limit of 2MW was roughly the size of large community based distributed energy systems (e.g. wind farms), and that the limit was set with that in mind (Phelps 2009 ). In New Jersey, the impetus for the increase is stated as, "The Board [of Public Utilities] is committed to advancing clean energy in New Jersey. As a net importer of electricity where demand has outpaced supply in a state surrounded by water where leaders accept climate change as human-induced phenomena that threatens it taxpayers, we are in the process of implementing the Governor's Energy Master Plan with an all hands on deck -type mentality (Hunter 2009 )." • No state reported conducting a full cost benefit analysis to evaluate the impacts of changing the net metering policies. Although implementers report that it was suggested in both Maryland and North Carolina, no studies were completed in either state, based on the argument that experience in other states with minimal market penetration of renewable energy had not shown a negative ratepayer impact (Hughes 2009 ). The state of New York, having implemented a change in system size cap from 10kW to 25kW in 2004 and to 2 MW in 2009 for commercial and industrial systems, is currently gathering data from the intervening years to analyze the ratepayer impacts of the change. To date, the impacts have not been large enough to measure under the current data collection scheme. This report is in the early stages of development, and the release date is unknown at the time of this printing (Worden 2009 ). The states that have increased the net metering system size cap generally cited the limited impacts of net metering on ratepayers in other states (see the North Carolina Case Study below for a more detailed example). 
Case Study: Raising the System Size Limit in North Carolina
In North Carolina, net metering policy was originally filed through a regulatory driven docket process in 1998 (North Carolina 1998). In this process, the Commission's decision was to allow net metering of 10kW for residential systems and 100kW for commercial ones.
In 2005, the North Carolina docket was reopened to address concerns whether or not the incentive for small generators (running the meter backward during over production) resulted in a fair incentive for renewable energy generation (North Carolina 2005) . Some commenting agencies argued that running the meter backward credited the generator for both the electricity as well as the distribution and other non-energy charges resulting in overcompensation for generators that produced electricity in off-peak times and used electricity during on-peak times. Others commented that the societal benefits of the renewable energy on the electricity grid outweighed the costs to the utility of providing power during peak times. None of the commenting agencies offered quantified cost and benefit information. The decision of the Commission at that time was that the costs of net metering were not appreciable at such low levels of market penetration, and it ordered that the system size limits be raised to 20kW for residential and kept at 100kW for commercial generating systems. In addition, the Commission installed an aggregate cap of 0.2% of the utilities' jurisdictional peak load for the previous year.
In 2007, the North Carolina legislature, through Session Law 2007-397 (G.S. 62-133.8(i)(6)), requested that the PUC consider raising the net metering generation cap to 1 MW. The PUC opened a docket on June 9, 2008, to comply with the mandate (North Carolina 2009). The primary question revolved around whether or not the increased limit would provide an unacceptable level of cross-subsidization between participating and non-participating customers.
Referencing the 2005 decision that net metering does create cross subsidization but that the overall benefits of renewable energy on the grid balance out these cost impacts at low levels of renewable energy market penetration, the Commission solicited comments and questions on whether increasing the system size limit would create an imbalance between the costs and benefits. Between June and December of 2008, the Commission held public hearings, accepted briefs from intervenors, and heard expert testimony from multiple parties on the potential impacts of increasing the system size limit.
In this proceeding, the Commission decided that the utility-provided quantification of the costs and benefits of the cross subsidization to be ineffective at estimating the actual costs and benefits due to methodology challenges and lack of inclusion of the non-monetary benefits of renewable energy to the state. The Commission also considered a suggestion from its Public Staff to consider a more thorough cost and benefit quantification, but declined so as not to further delay the state's clear goal to meet more of its electricity needs with renewable energy resources. Based on a lack of information on the actual impacts of cross-subsidization and a decision that the existence of such subsidies may further the state goals of increased renewable energy generation, the commission allowed an increase in the net metering system size limit to 1 MW for all systems.
In addition to raising the limit, the Commission made several other changes to the net metering regulations to help achieve the state goal of increasing renewable energy based electrical generation:
• Removed the aggregate system-wide cap of 0.2% peak load per utility. The justification for this was that the year long limited energy generation carryover of the net metering generators effectively limited the total capacity of net metering facilities on the grid.
• Allowed Standby-Charges for residential facilities larger than 20kW and commercial systems larger than 100kW. The fees (which vary by system) are waived for smaller systems per the 2005 ruling justified by the lack of impact from low market penetration at that time. The Commission-offered justification for this that it provided equity across all larger generators, whether or not they are net metering.
• Time of Use Metering. In all the proceedings, there was significant discussion surrounding the fairness of requiring net metering facilities to use time of use rates. Proponents of this strategy argued that requiring time of use metering allows customers to better understand the value of the on-site renewable energy generation as compared to purchasing electricity from the utility. Detractors stated that the TOU requirement limited the interest in the net metering program by imposing undue complications. This most recent ruling, based on the state interest in increasing renewable energy electricity generation in the state, removes the requirement, but allows the net metering customer the choice of rate type.
• REC ownership. One utility, Duke Energy, argued that because of the increasing value of solar renewable energy credits, the increase to 1 MW for those types of systems was fair, as long as the utility was still able to retain the RECs at no cost. The other utilities argued that this solution was not likely to offer a timely recovery of the costs of net metering to the utility, as the market prices for RECs and electricity are not directly connected. The Commission ruled that net metering customers taking the TOU rate option would receive the RECs produced by the system, but that net metering customers on other rate structures turn over the RECs to the utility. The justification for this is that the utility costs of allowing net metering at a flat rate and not valuing the electricity at the cost based on time of day is made up by the value of the RECs.
• Utility Cost Recovery. One of the utilities suggested that it should be able to recoup the costs of net metering through the Renewable Energy Portfolio Standard recovery rider, the state RPS cost recovery provision. The Commission denied this suggestion based on a lack of evidence of the real costs of net metering to be recovered.
• Eligible Technologies. In accordance with the state mandate to increase electricity generation from renewable resources, the Commission expanded the definition of qualifying renewable energy technologies to include all renewable electricity-producing facilities outlined in the state statutes (Senate Bill 3).
These changes to the net metering policy resulted in necessary tariff/rider revisions for the utilities, which the Commission ordered to be completed in time to become effective on June 1, 2009. The recent nature of the changes to the North Carolina bill mean that the effectiveness of the changes on meeting the state goals of increased renewable energy generation cannot yet be measured.
Despite the lack of data to evaluate the impacts of the policy, this North Carolina example provides several insights into the development of higher system size caps. In particular, the lack of quantifiable data on the costs and benefits of net metering did not limit the decision making capability of the Commission, but did lead them to increase the limits on net metering system size caps while continuing to offer protections to the non-participating rate payers, such as allowing the stand-by fees to be levied against larger generators. The Commission awaits compelling quantified evidence of the weighting of the benefits and costs of net metering in order to make further changes to the system size limits and other associated changes to the regulations (Ellis 2009 ).
Interaction with Other Policies
A potential concern related to over subsidizing larger solar projects could arise in the discussion of increasing the net metering system size cap, as the costs of paying for electricity infrastructure are ultimately passed on to the utility customers (rate based). This section provides a qualitative overview of these potential interactions and preliminarily finds that many of the policies in place will not be affected by a change in the system size cap because the policies are limited by other factors (e.g. maximum incentive caps or programmatic budget). Further research integrating the many costs and benefits of increased solar capacity in Minnesota is required to determine the quantitative impacts of increasing the system size caps. However, state implementers contacted to provide insights into their experiences with raising system size caps commented that such studies were not completed in their states and that negative ratepayer impacts of the policy are not seen at current levels of market penetration (See Appendix A for questionnaire and Section 3 for summary of results).
There is, however, due to the early stage of implementation, uncertainty regarding the impacts of the revised federal incentives for solar. The federal government offers personal and business energy investment tax credits (ITC) of 30% of the installed costs of a PV system. The Energy Investment and Security Act of 2008 (EISA) extended the availability of this tax credit out to 2016 and removed the $2,000 cap that had been in place for PV systems. Should the net metering system size cap be increased in Minnesota, commercial and industrial consumers may be more likely to install larger systems in order to take advantage of available these federal credits and to offset a greater percentage of their electricity load. This could have an impact on the utility, but it is unclear at this stage what those impacts might be, as a result of the early stage of implementation of the changes. In addition, such analysis would need to be completed in coordination with an evaluation of the increased distributed generation impacts on the utility grid and the offset of otherwise necessary and costly infrastructure improvements.
In addition to federal programs, several Minnesota state and utility programs (DSIRE 2009k) applicable to solar electricity systems interact with the net metering policies. 9 The following summary of potential interactions provides an overview of likely impacts. However, a more comprehensive analysis of the benefits and costs of increasing solar installations in the state would more accurately reflect the actual impacts of combining the policies.
• Renewable Portfolio Standard (RPS). The Minnesota RPS requires Xcel Energy, the state's primary utility, to account for 30% of total retail sales with renewable energy generation by 2020. Other utilities operating in the state must meet 25% of total retail sales with renewable energy generation by 2025. An increase in total solar generation resulting from an increase in the net metering cap may assist in meeting the RPS goals in all utility service territories. However, solar is limited to 1% of the total RPS requirements for Xcel Energy, an electric utility that serves approximately half the state. The 1% limit results in a default utility-wide system cap for solar installations connected to the grid, and likely limits the total growth of solar.
• Solar Electric (PV) Rebate Programs. • PV Property Tax Exemption. This policy excludes for tax purposes, the value added to the property as a result of installing a PV system. administers a rebate program for residential, commercial, and industrial consumers. Rebates are set at $2.00/kW up to a maximum of $20,000. Minnesota Power and 28 rural electric cooperatives augment the program with an additional rebate of up to $4,000 in their service areas. If the net metering system size cap is increased, interest in the rebate programs may increase as well. However, since the program funding is capped per system and is typically saturated long before the program period is reached (MN OES 2009) , increased demand would likely have little effect on the effectiveness of the program. Increasing the limit may, however, change the make-up of the rebate participants in the program with average system size increasing from today's average of 4.6 kW. However, solar system sizes do seem to be constrained by the net metering cap, evidenced by only three systems in the state exceeding the cap size of 40kW (MN OES 2009 ).
• Sales Tax Exemption. In the state of Minnesota, solar equipment (including panels, racks, wiring and pipes) is exempt from sales tax. An increase in solar installations that may result from the change in the net metering cap will increase the number of exemptions and exacerbate potential revenue losses to the state resulting from the exemption. There is also the potential that this could be balanced by the creation of jobs and other economic benefits from larger solar installations.
• Neighborhood Energy Connection (NEC), Center for Energy and the Environment (and other implementer run) Loan Programs. This program offers households with annual incomes below $91,300 access to 6.25% interest rate loans of between $2,000 and $35,000 for energy efficiency improvements and renewable energy technologies (PV, solar water heat, and geothermal heat pump) installation. This program requires an in-home energy audit and stipulates that the loan must cover at least one of the auditor's recommendations. However, given the lower cost of energy efficiency improvements, the loan program has not financed a large number of PV systems. For PV systems that are financed through this program, the maximum loan cap of $35,000 effectively limits the size of solar systems that can be financed. As a result, it is unlikely that a higher net metering cap will create significant additional demand under the loan program.
In addition to existing Minnesota policies and programs, there are emerging policies that may interact with the net metering program. One example is Feed-in-Tariff policies (FITs), a type of a production-based incentive that requires utilities to purchase renewable energy generated by qualifying generators at a fixed price for a predetermined number of years. FITs are receiving more attention throughout the United States, although experience with them is limited. Net metering policies can interact with FITs in a variety of ways, so it is integral for the details of this interaction to be clarified prior to the concurrent implementation of net metering and FIT policies. The two policies are viewed differently by utilities: While net metering policies are considered demand reduction policies, FIT policies are supply-side oriented as payments are awarded based on generation. There are three main options for defining the interaction between FITs and net metering policies ):
1. Gross Metering -FITs are provided for all generation regardless of the amount of onsite usage. In this case, a supply meter must be installed at the inverter to measure total generation before it is either used on site or exported to the grid.
2.
Customer Choice -Customers have the option of either choosing to receive a FIT payment for total electricity sold to the grid or to net meter their system. A separate meter is required for customers who choose to receive the FIT.
3.
Hybrid -Currently used in Germany, customer-generators with PV systems 30kW and smaller receive a lower FIT payment for electricity consumed on site and a higher payment for electricity exported to the grid with the rate structure designed so as to encourage on site use of the customer-generated electricity.
Neighboring Wisconsin's Madison Gas & Electric (MG&E) has enacted a fixed-price production-based incentive that can be considered a FIT ). The program allows for customers who have installed a PV system from 1 kW to 10 kW in size to choose between net metering or receiving the FIT. Since the program began in January 2008, all customers have elected to receive the FIT (Ford 2009 ). For customers with systems greater than 10 kW in size, they can receive the FIT for the generation from the first 10 kW and net meter the remaining generation. The FIT is currently capped at 1 MW aggregate generation as the energy generated through this program is used to meet the demand MG&E's Green Power Tomorrow Program in which customers pay a price premium for clean energy (MG&E 2009). As more of these policies gain prominence, a review of the potential interactions may provide more insights into the impacts of the interactions.
Conclusions/Next Steps
The goal of the Minnesota net metering policy, which began implementation in 1981, is to give the maximum possible encouragement to distributed generation assets on the utility grid (MN 2008) . According to published best practices that prioritize the maximum development of solar markets within states, the Minnesota policy does not incorporate many of the important best practices that may be helping other states transform their solar energy markets and increase the amount of grid-connected distributed solar generation assets (NNEC 2008) . This report provides an overview of the current Minnesota solar policies as well as a qualitative assessment of the impacts of raising the system size cap within this context.
The report finds that increasing the cap may move the state closer towards its goal of providing the maximum possible encouragement to distributed generation assets, but that a more quantitative evaluation of the policy changes would be necessary to better understand the impacts on all interested parties (e.g. utility, rate payers, project developers). However, this report also finds that no states that have increased net metering system size limits have performed exhaustive cost/benefit analyses beforehand to the change and no state implementers report extensive, quantified negative rate payer impacts as a result of the changes. As the market for solar rapidly expands, rate payer impacts may be more pronounced. However, at the time of this research, the negative ratepayer impacts of net metering, even in the states with the greatest market penetration and highest net metering thresholds, are not significant.
Based on other states' experiences with increasing their net metering caps, the likely outcome of such a system size cap increase in Minnesota would be: 1) Increase in the installed PV capacity in the state, 2) Increase in the average size of an installed PV system, and 3) Limited interaction with existing policies.
Careful design of a net metering policy to accurately reflect the value of the net metered systems to the public good, the system owner, ratepayers, and the utility is required to minimize the potential unfair impacts to any one party. However, capturing all of these impacts in a single study is difficult. Nonetheless, a higher net metering system size cap seems to coincide with accelerated market transformation and a greater installed capacity without significant negative rate payer impacts. If there is funding and interest in a comprehensive study of the impacts, suggested next steps include a thorough evaluation of the impact of the net metering policy to date under the existing cap. Data requirements for such an evaluation include a listing of those systems (including sizes and generation) currently net metering from each utility, and the program's associated ratepayer and grid impacts. Should interested parties wish to estimate the rate impacts of raising the net metering limits, utility data and participation is necessary to provide an accurate quantitative assessment.
